Aimed for the problems in traditional genetic algorithm of low search efficiency and easily falling into the local optimal solution, an improved genetic algorithm is proposed in this paper. So as to save the storage space, the simple one-dimensional code method is adopted to replace the method of complex two-dimensional coding. In the design of genetic operators, many operations such as crossover and mutation are redefined to avoid getting into the local optimum. Then the two fitness functions of collision-free path and the shortest distance are fused into one for the following genetic optimization. In the case of the same population parameters, 100 trials are respectively developed with the method of improved genetic algorithm and traditional genetic algorithm. Among them, the improved genetic algorithm to search the optimal path gets to 95 times, and the shortest path is 20.9706. Besides, the average searching time takes up 217ms. While the number of traditional method to search for the optimal path reaches up to 62 times, the shortest path can be 25.0711, and the average searching time needs 345ms. So compared to the tests results referred above, the improved genetic algorithm is more efficient and can get a better solution than the traditional genetic algorithm.
Introduction
Navigation technology is a key technology in the field of mobile robot, and the path planning is one of the most important tasks of navigation. The alleged path planning is to plan out an optimal or approximate optimal path from the start point to the destination node in an obstacle containing environment, which is based on some performance and index, such as the least walking time, the shortest path, or the minimum energy consumption, etc.). Mobile robot path planning can be divided into two types: one is the global path planning based on a priori knowledge about the environment; the other one is a local path planning based on sensor information, whose environmental information is unknown or partial unknown, which requires sensors to obtain the obstacle's real-time information such as location, size and shape. While the global path planning is on the basis of the existing environment map to search for a collision free path from the start node to the destination node, in which the main problem involved is the expression of environmental information and the choose of searching strategy, Global path planning is usually used in the environment of static obstacles and known environmental information. When the location of the obstacles constantly changes, the global path planning will no longer work, and need to depend on the local path planning method of sensor information.
The researchers at home and abroad have spent a long time in the field of mobile robot path planning, and produced many methods [1, 2] . The widely applied methods in the field are rolling window method, artificial potential field method, neural network and ant colony algorithm, Dijkstra algorithm, A* algorithm, and so on. So among them, each algorithm has its own ideas, and shows its advantages in different ways. But on the whole, the methods above more or less have some shortcomings, such as large amount of calculation, low searching efficiency, lack of flexibility, easily falling into local optimal solution, poor global path planning and adaptive ability. While, the genetic algorithm as a kind of optimization algorithm has the advantages of robust, flexibility and good adaptability, therefore it is widely used in many optimization problems and achieves good results. In recent years, the genetic algorithm has been widely used in solving the problem of mobile robot path planning. With the deepening of the research, the flaws of the application of genetic algorithm are gradually found [3] [4] [5] [6] , which has a large scale of population, big searching space, slow converging speed and easily falling into the local minimum point. In order to solve these problems, an improved genetic algorithm is proposed, which adopts the simple one-dimensional coding to replace the complex two-dimensional encoding, reducing the length coding and saving the storage space. It redefines the crossover and mutation operators of traditional genetic algorithm, which accelerates the process of evolution, and integrates the demands of the shortest path and collision free into a fitness function to select a better individual to improve the population's adaptable ability. And the experiment proves the feasibility and effectiveness of the improved genetic algorithm.
Path Planning Based on Improved Genetic Algorithm
The main purpose of this paper is to put forward an improved genetic algorithm to solve the problem of path planning for the mobile robot. Major improvement refers to the following aspects: replacing the complex two-dimensional coding method with the simplified one-dimensional one, the fitness function integrated the two requirements of the shortest path and collision avoided. Then in the process of selection operation, combine the roulette wheel selection with the elitist selection. Beside, optimize the crossover operator and mutation operator in the genetic operation, and add two new genetic operators: insert operator and delete operator. Those improvements above effectively prevent the genetic algorithm in path planning falling into local optimum situation. The improved genetic algorithm mainly includes the following three aspects. Environment Modeling and Path Coding. The section headings are in boldface capital and lowercase letters. Second level headings are typed as part of the succeeding paragraph (like the subsection heading of this paragraph). In this paper, the grid method is used to describe the environment model of the robot [3] . As shown in Figure1, the two dimension coordinate with grid is used to describe the operating space of the robot. In this environment, there are a number of obstacles. From Figure1 we can know that the left corner of the grid area E is set to be the origin point, the line with mark expanding to right is the X axis, and the line vertical upward is Y axis. What's more, each grid represents a certain length and the area is divided into n m  grids. Then number the grids from left to right and from bottom to top, just like the arranged trend in Figure1 which counts from the first grid area. The mapping relation is coinciding with the relationship in formula (1). Among the expression above, the symbol mod is called the remainder, and the symbol int is short for INTPART. Besides, symbol N is the number of the total grids. Then make the following assumptions about the robot's working space E and its ontology.
(1). The two-dimensional structured space is used as the robot's working space, and don't consider the height of the robot.
(2). The obstacles in the working environmental is expressed by the grid darken. The obstacles' shape, size and location are known and do not change. (3). In the process of planning, the robot will be treated as a particle. (4) . In the process of planning, the robot's velocity would keep the same. The robot's moving path is composed of multiple lines, which will link the starting node, the intermediate node and the destination node together. Then the path is encoded into fixed length. And Figure1 describes the mobile robot's work space and its operation path.
The selection of the path coding strategy is quite important for the fitness function and genetic operators (especially the crossover operator and mutation operator). The path coding strategies are mainly aimed for real number coding, binary coding, adaptive coding and tree coding, etc. So in the following discussion, the serial number from the real number coding method and coordinates method are combined together [4] . The serial number method is used to explain the robot's motion path, because this method can clearly describes the path simply and intuitively, which can save the storage space as much as possible, and facilitate the operation of the genetic operators. When evaluating the fitness of a path, the serial number will be converted to coordinate form, because it is easy to express the grids' relative position, and much easier to calculate the length of the path and test the feasibility of the path. Fitness Function. The fitness function can effectively evaluate the pros and cons of each path, which is usually proportional to the fitness value, and it has important influence on the convergence and stability of the genetic algorithm. Path planning for mobile robot is to make the robot to arrive at the destination in the shortest time [5] . Therefore, in the path planning, the design of fitness function should meet the two main conditions [6, 7] . It means that the robot should have the shortest length of the moving path and can effectively avoid the obstacles in the process of marching. While the Collision free is the basic condition of mobile robot path planning. In order to avoid collision, the two conditions below must be satisfied: firstly, whatever path point can't fall in the area with any obstacle; secondly, any two adjacent paths' connect line should disjoint with the path of obstacles.
(1) Any path i p can not fall into the region with obstacles, which can be described with the collection symbolW . So the fitness function can be constructed as below:
In Formula (2), symbol n represents the number of grids. And it can be know from Formula (2) that if the point of the working path is not in the region of the obstacles, the fitness value is 1, or it will be 0. 
Combining the two main condition in Formula (1) and Formula (2), the robot's fitness function in the process of path planning, can be expressed below:
The selection of fitness function is crucial for genetic algorithm. It can be used to effectively avoid the obstacles in the process of motion, and can quickly calculate the length of each path. Expression in Formula (5) can represents the length of two adjacent points.
In Formula (5), ( i x , i y ) is the current coordinate position of the robot, and ( 1 i x  , 1 i y  ) represents the last coordinates of the robots. In conclusion, the whole path length can be described with Formula (6):
Therefore, the fitness function of the shortest path fit2 can be shown as follows:
Combining the Formula (4) and Formula (7), the optimal fitness function used to represent the path planning of the mobile robot is as follows:
In Formula (8), the value of max C is relation to the complexity of the map and the linear distance between starting point and the target point. Besides  is called punish coefficient. Given this, the Formula (8) can work as the fitness function of the mobile robot's path planning, which can effectively avoid collision and can obtain the shortest path. Selection Operator. The main purpose of the implementation of selection operation is to copy and keep the bigger fitness value of the individual in the group, and remove the smaller one of the individual. What's more, among all the progress, the scale of the group remains the same. Then, the selected individuals will perform again with the crossover and mutation operation to produce a new offspring. Selection strategy is a fundamental condition to ensure that the robot can gain the fitness survival. This article uses the methods of roulette and elite reserving strategy to perform the operation.
Crossover Operator. In genetic algorithm, crossover operation is the basic mechanism of gene rearrangement, which is applied after selection operation. When the genetic operation works, the choice of the intersection is random, so the single-point crossover or the multi-point crossover can be used. When the gene exchange partly between the two solutions will generate a new gene combination, and then create a new solution. This article adopts the way of single-point cross to perform the crossover operation [9] , which can be divided into two cases. a. A common point crossover of two individuals' nodes One point crossover of nodes refers to the two individuals exist the same node (except the starting point and the target point), and two individuals in the node before (or after) have different genes. Then the common node will work as a cross point to go on cross. In order to illustrate the process of the crossover operation, two parent individuals V1 and V2 are taken as an example. They are in the form of V1 (0,2,52,53,93,99), V2 (0,33,53,64,66,99).
From the forms above, it can be seen that the two parent individuals with a common node numbered 53, and two parent individuals at this node before and after have different genes. Therefore, a common point crossover of two individuals' nodes can be used for the crossover operation. After crossing the individuals can be the form of V1'(0,2,52,53,64,66,99), and V2'(0,33,53,93,99) .
b. One point crossover between the potential nodes Potential node refers to a node appearing in one of the two parent individuals, but it doesn't appear in the other one, which can pass though the connect line of two adjacent nodes in the parent individual. So the potential node need to be inserted between the two adjacent nodes, then the common point crossover can be adopted to perform the cross operation. Assume that the parent individual V1 and V2 are respectively in the form of V1 (0,2,52,53,93,99) , V2 (0,33,63,66,99).
It can be seen that node 53 is just in the parent individual V1, rather than in the parent individual V2, but the connect line of the two adjacent nodes (node33 and node63) will go through the node53. Therefore, the node53 can be used as potential node to cross. In a word, Firstly, insert node53 into the parent individual V2, then it will in this form: V2 (0, 33, 53, 63, 66, 99). Secondly, according to the common node point crossover method to carry on the cross to get a new generation of V1'(0, 2, 52, 53, 63, 66, 99) and V2 '(0,33,53,93,99) .
Mutation Operator. Gene mutation is a process, which refers to a small change on the chromosomes with the application of some random changes, resulting in a new gene fragment. This operation is very necessary to maintain the diversity of population. In this paper, the individuals' gene after crossing will vary with a small disturbance of probability pm (0.01), which usually choose a very small value, generally ranging from 0.001 to 0.4.
Experimental Results and Analysis
Experimental Results. This part proves the realization of the improved genetic algorithm in the path planning of the mobile robot. In the progress, the hardware and software environment in the experiments is described. In addition, the various parameters of populations in genetic evolution process are set, and the experimental results are analyzed. The experiment is performed with the software MATLAB2012b in the computer of 1.7 GHz and i5 processor.
During the experiment, each parameter of the population is as follows: population size M= 60, the probability of crossover operation pc=0.6, the mutation probability pm=0.01 and the largest evolution algebra T=100. , and the main control parameters are the same, including the scale of the group size, the probability of crossover and mutation and the maximum genetic algebra, etc.
Figure4 shows the test results of two methods applied. It can be seen in the picture that the improved genetic algorithm can quickly converge to the global optimal solution, and can effectively overcome the local optimal problems existing in traditional one in the process of convergence. In addition, Table1 has the detail comparing results, which covers the time of search, the shortest path and the proportion of the obtained optimal paths. Therefore, when the robot's working environment becomes complex, the improved genetic algorithm will have more advantages to obtain the optimal path in less time than the traditional genetic algorithm.
Summary
In this paper, an improved genetic algorithm is put forward, with which the study on path planning problem of the mobile robot is performed and the optimal path is obtained in the environment of obstacles. As the experiment indicates, the improved genetic algorithm has more advantages than the traditional genetic algorithm in solving path planning, especially in the searching efficiency and optimal path planning. In this paper, the method of serial number coding can shorten the length of the chromosome, simplify the process of calculation and improve the search efficiency. And the use of special crossover operator is to find the shortest possible path.
